Abstract. The present study aimed to evaluate the clinical efficacy and safety of combination therapy comprising desmopressin plus anticholinergic agent compared with desmopressin alone for children with nocturnal enuresis (NE). A meta-analysis of 8 eligible studies was performed to analyze the effects of desmopressin plus anticholinergic agent combination therapy and desmopressin monotherapy in the treatment of NE in children. The overall odds ratio (OR) or standardized mean difference (SMD) and 95% confidence interval were calculated for full responders (FR), partial responders (PR), non-responders (NR), the change in the mean number of wet nights and adverse events. Following 1 month of treatment, efficacy analysis yielded an OR of 3.736, which suggested that the proportion of FR for patients treated with the combination therapy was higher than that for patients treated with monotherapy. Analysis of the change in the mean number of wet nights yielded an SMD of 0.719, which indicated that the change in the mean number of wet nights in the patients treated with combination therapy was greater than that in the patients treated with monotherapy. Following 3 months of treatment, the OR calculated for FR plus PR compared with NR was 2.857, indicating that the proportion of FR and PR was elevated by the combination therapy compared with desmopressin alone. The OR for adverse events was 4.074, which suggested that the combination therapy did not lead to more adverse events in the treatment of NE. Therefore, the present meta-analysis suggests that, compared with desmopressin monotherapy, a combination therapy comprising desmopressin and anticholinergic agent is more effective with equivalent safety for children with NE.
Introduction
Nocturnal enuresis (NE), defined as intermittent incontinence of urine during sleep, is ubiquitous in newborns (1, 2) . Previous studies have demonstrated that 15-20% of 5-year-old children, 5% of 10-year-olds, 1-2% of individuals aged 15 years and 2% of young adults also suffer from NE, which is a persistent and prevalent problem posing considerable inconvenience for children and their parents (3, 4) . According to the World Health Organization classification, from the age of 5 years, NE is regarded as a pathological disorder (5) . This pathological disorder occurs in the absence of congenital or acquired defects of the nervous system (6) and it appears that a mismatch between bladder capacity and nocturnal urine production is the primary pathogenesis of NE (7) .
Desmopressin, one of the first line treatments for NE, is an analog of the naturally produced vasopressin, and has the effect of reducing nocturnal urine production (7) . This evidence-based treatment is most efficient in children with nocturnal polyuria and normal bladder reservoir function, but retains a success rate of ~50% in patients who exhibit nonmonosymptomatic NE with increased voiding frequency, daytime incontinence or urgency (8, 9) . It was reported that patients with monosymptomatic NE (MNE) who received desmopressin treatment attained 85% dry nights after 3 months (10) . A clinical trial also suggested that with desmopressin therapy, the full and partial response rates were 26.3 and 43.5%, respectively, for children with primary MNE (PMNE) (11) . However, the clinical outcome of desmopressin monotherapy is not always satisfactory specifically for those patients with severe bedwetting refractory and a small functional bladder capacity (2) .
It has been documented that anticholinergic agents, or parasympathetic nervous system antagonist drugs, serve an important role in increasing functional bladder capacity (6) . The mismatch between nocturnal urine production and bladder storage capacity may result from a reduction in nocturnal functional bladder capacity (2) . Therefore, JIANYONG YU  1* , ZHAOJUN YAN  2* , SHIYING ZHOU  3 , FENG HAN  1 , anticholinergic agents, such as tolterodine, oxybutynin or propiverine may be introduced for the treatment of NE. A randomized double-blind placebo-controlled trial performed by Austin et al (12) indicated that for children who exhibit no response to desmopressin for MNE, a marked reduction in the mean number of wet nights was observed when treatment with desmopressin plus an anticholinergic was administered, compared with treatment with desmopressin alone. Therefore, the present meta-analysis was conducted to comprehensively estimate the efficacy and safety of the combination therapy of desmopressin plus an anticholinergic agent compared with the first line regimen desmopressin alone in the treatment of patients with NE.
Desmopressin plus anticholinergic agent in the treatment of nocturnal enuresis: A meta-analysis

Materials and methods
Search strategy. The current study performed three-rounds of selection to identify the studies for this meta analysis. For the first-round search, multiple databases including PubMed (https://www.ncbi.nlm.nih.gov/pubmed), Global Cross-database (https://www.ncbi.nlm.nih.gov/sites/gquery), MEDLINE (https://www.nlm.nih.gov/) and Google Scholar (https://scholar.google.com) were searched for studies evaluating the clinical efficacy and safety of desmopressin in the treatment of NE. Key search terms included 'nocturnal enuresis' and 'desmopressin' and 'anticholinergic'. Only studies published prior to July 15, 2015 were included. The inclusion criteria were as follows: i) Patients in the case group were treated with a combination therapy of desmopressin and an anticholinergic agent while participants in the control group were treated with desmopressin monotherapy alone or plus placebo, ii) the age of patients ranged from 5 to 18 years, since NE is not diagnosed in children <5 years and persons >18 years of age are not classed as children (13) , iii) the treatment duration was ≥2 weeks, and iv) symptom information such as frequency of wet nights or maximum voided volume was documented. The exclusion criteria were as follows: i) Children with known contraindications to NE treatment, as assessed by a doctor, ii) patients aged <5 years and >18 years, and iii) a combination therapy of desmopressin plus other drugs (not anticholinergic agents).
Data extraction. The potentially eligible studies according to the inclusion and exclusion criteria were assessed by two authors, independently. The reference lists were also examined manually to identify potentially relevant literature. Unpublished reports were not considered. If some studies were overlapping, only those containing the most extensive results were included. The following information was extracted from the covered studies: The first author, population and type of patients, the age and sex ratio of patients, the number of participants in each group and the detailed regimen for each group. Furthermore, data regarding wet nights and adverse events, including nasal irritation, headache and mouth dryness, were also collected for the present detailed analysis.
Statistical analysis. The present study used STATA software, version 12 (StataCorp LLC, College Station, TX, USA) for statistical analysis and P<0.05 was considered to represent a statically significant difference. In the current study, the efficacy of the therapy was evaluated using International Children's Continence Society (ICCS) criteria at 1 and 3 months after the start of treatment (14) , which are also cited by other relevant studies (2, (15) (16) (17) . According to the ICCS, patients were defined as full responders (FR; 90-100% reduction in wet nights following treatment compared with baseline), partial responders (PR; 50-90% reduction) and non-responders (NR; <50% reduction) (14) . Patients were categorized with regard to clinical outcomes as FR+PR vs. NR, and FR vs. PR+NR. The change in the mean number of wet nights (18, 19) was also measured to assess the efficacy of the therapy, and the current study defined the change in the mean number of wet nights as the difference in the number of wet nights observed prior to and following treatment. The safety of the therapy was estimated using adverse events, which included nasal irritation, headache and mouth dryness.
In the present meta-analysis, for dichotomous data [clinical outcomes: FR+PR vs. NR, FR vs. PR+NR, and adverse events], the overall odds ratio (OR) and 95% confidence interval (CI) were calculated while the standardized mean difference (SMD) and 95% CI were estimated for continuous data (mean number of wet nights). A previously described I 2 index (20) was applied for evaluation of the heterogeneity among studies. The Mantel-Haenszel (M-H) fixed-effects model (21) was applied to calculate the I 2 index. When the I 2 index was <50% or P>0.1, the M-H fixed-effects model was adopted for dichotomous data to calculate the overall OR and 95% CI, whereas the Inverse-Alteration (I-V) fixed-effects model (22) was used for continuous data to calculate the SMD and 95% CI. Otherwise, the DerSimonian and Laird (D-L) random-effects model (23) was selected for dichotomous and continuous data for the calculation of the overall OR or SMD and 95% CI.
For the calculation of the overall OR or SMD and 95% CI, the data in the desmopressin monotherapy group (control group) served as a control. For the FR+PR vs. NR comparison, an OR >1 signified that the proportion of FR and PR in the combination therapy group was higher than that in the desmopressin monotherapy group and the combination therapy was more effective for the treatment of NE. For the FR vs. PR+NR comparison, an OR >1 suggested that the proportion of FR in the combination therapy group was higher than that in the desmopressin monotherapy group and the combination therapy was more effective. For the change in the mean number of wet nights, a SMD >0 indicated that the change was more evident in the combination therapy group than the desmopressin monotherapy group and the combination therapy had a more effective clinical outcome. For adverse events, an OR >1 signified that more adverse events occurred in the combination therapy group. Forest plots were generated to summarize the results. Begg's funnel plots and Egger's test (24) were used to examine publication bias, where noticeable asymmetry of the funnel plots indicates the existence of marked publication bias.
In Table II , we defined 'Change 1' or 'Change 2' into 'Change: Mean ± standard deviation (SD)'. Therefore, the formula for calculation of 'Change: Mean ± SD' of Table II 
Results
Study characteristics.
A total of 280 papers were retrieved following the first search, and 273 of them were eliminated from the analysis for reasons shown in Fig. 1 . A total of 7 articles, covering 8 studies (2, 3, 12, 15, 17, 19, 25) met the inclusion criteria; Triantafyllidis et al (3) contains two separate studies with 5 mg oxybutinine or 2 mg tolteodine. The primary characteristics of the 8 eligible studies are presented in Table I . The mean number of wet nights prior to and following treatment (at 1 and 3 months) is presented in Table II .
Evaluation of FR+PR vs. NR following 1 and 3 months of treatment.
For the analysis of FR+PR vs. NR following treatment, 6 eligible studies were included for 1 month of treatment and 5 eligible studies were included for 3 months of treatment. The results are presented in Table III . The M-H fixed-effects model was applied for the calculation of overall OR and 95% CI, as there was no significant heterogeneity (1 month, I 2 =15.90%; 3 months, I 2 =45.60%). Following 1 month of treatment, the overall OR was 1.350 (95% CI: 0.93-1.98, P= 0.12; Table III and Fig. 2A ). No significant difference was observed for FR+PR vs. NR between desmopressin plus anticholinergic agent combination therapy and desmopressin alone in the treatment of patients with NE, and the ratio of FR+PR to NR in the combination therapy group was similar to that in the monotherapy group following 1 month of treatment. However, following 3 months of treatment, the overall OR was 2.86 (95% CI: 1.51-5.41, P=0.001; Table III and Fig. 2B) . A significant difference was identified for FR+PR vs. NR between the two therapies (P<0.05) and the ratio of FR+PR to NR in the combination therapy group was significantly higher than that in the monotherapy group at 3 months after treatment (P<0.05; Table III ). The statistical analysis of FR+PR vs. NR demonstrated that, compared with monotherapy the ratio of FR+PR to NR in the combination therapy group was significantly increased when the treatment duration was 3 months and greater higher numbers of FR+PR were observed for long-term treatment with the combination therapy than for short-term treatment.
Evaluation of FR vs. PR+NR following 1 and 3 months of treatment.
For the analysis of FR vs. PR+NR following treatment, 5 eligible studies were included at 1 month and 3 eligible studies were included at 3 months. The primary results are presented in Table III . Considering the value of the I 2 index (1 month, I 2 = 0.00%; 3 months, I 2 =68.20%), the M-H fixed-effects model was used to calculate the overall OR and 95% CI for 1 month, while the D-L random-effects model was used for 3 months. Following 1 month of treatment, the overall OR was 3.74 (95% CI: 2.11-6.63, P<0.001; Table III and Fig. 3A) , demonstrating that there was significant difference in FR vs. PR+NR between the combination therapy and monotherapy, and the ratio of FR to PR+NR in the combination therapy group was significantly higher than that in the monotherapy group at 1 month after treatment. However, following 3 months of treatment, the overall OR was 2.73 (95% CI: 0.48-15.55, P= 0.26; Table III and Fig. 3B ), implying that there was no significant difference in FR vs. PR+NR between the two therapies and the ratio of FR to PR+NR in the patients treated with combination therapy was similar with that in the patients treated with monotherapy at 3 months after treatment. The statistical analysis of FR vs. PR+NR suggested that, when compared with monotherapy, the ratio of FR achieved with combination therapy was elevated significantly when the treatment duration was 1 month, and more FR were observed for short-term treatment with the combination therapy. Considering the results for FR vs. PR+NR, it may be speculated that, compared with the monotherapy, for the short-term treatment (1 month), the combination therapy resulted in more FR and fewer PR; for the long-term treatment (3 months), more PR were achieved with the combination therapy while the proportion of FR was similar for the two therapies.
Heterogeneity
OR Publication bias -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Evaluation of the change in the mean number of wet nights following 1 and 3 months of treatment.
For analysis of the change in the mean number of wet nights, 4 eligible studies were included for 1 month and 3 eligible studies were included for 3 months of treatment. The primary results are presented in Table IV . The D-L random-effects model was applied for the calculation of SMD and 95% CI due to significant heterogeneity being observed (1 month, I 2 =59.20%; 3 months, I 2 =59.20%). Following 1 month of treatment, the SMD was 0.72 (95% CI: 0.28-1.15; P= 0.00; Table IV and Fig. 4A ), suggesting that there was a significant difference in the change in the mean number of wet nights between the combination therapy and monotherapy, and the change in the patients treated with combination therapy was greater than that in the patients treated with monotherapy at 1 month after treatment. Following 3 months of treatment, the SMD was 0.44 (95% CI: -0.02-0.89; P=0.06; Table IV and Fig. 4B ). Although no significant difference was observed in the change of the mean number of wet nights between the combination therapy and monotherapy, the mean number of wet nights was greater following the use of combination therapy. Analysis of the change in the mean number of wet nights indicated that, the change for the combination therapy was more marked compared with that for the monotherapy when the treatment duration was 1 month, and the change was most evident for the short-term combination treatment.
Evaluation of adverse events. For the evaluation of adverse events, 3 eligible studies were included. The M-H fixed-effects model was used to calculate the overall OR and 95% CI as no significant heterogeneity was detected (I 2 = 0.00%; P= 0.68). The overall OR was 4.07 (95% CI: 1.00-16.59, P=0.05; Fig. 5 ), which indicated that there was no significant difference in adverse events between the two therapies and suggested that adding an anticholinergic agent to the first-line desmopressin regimen for the treatment of NE would not lead to more adverse effects. Publication bias. In the present meta-analysis, Begg's test and Egger's test were used to examine the publication bias and the results for outcomes and change in the mean number of wet nights are presented in Tables III and IV , respectively. The P-values in these analyses were >0.05, indicating the absence of publication bias. A lack of publication bias was also indicated for adverse events (Begg's test, P=1.00; Egger's test, P=0.50). The corresponding funnel plots in Figs. 6 and 7 also demonstrate that there was no publication bias in the current meta-analysis.
Discussion
In order to comprehensively evaluate the clinical efficacy and safety of combination therapy comprising desmopressin plus an anticholinergic agent compared with desmopressin alone for the treatment of NE in children, the present study conducted a meta-analysis including 8 eligible studies. From consideration of the results of FR+PR vs. NR, and FR vs. PR+NR analyses it was speculated that, compared with Table IV . Meta-analysis for change in the mean number of wet nights. the monotherapy, for the short-term treatment (1 month), the combination therapy resulted in more FR and fewer PR; for the long-term treatment (3 months), more PR occurred in the combination therapy group with an equivalent proportion of FR between groups. This may partially explain why FR was notably improved, compared with PR+NR at 1 month while FR+PR was improved compared with NR at 3 months in terms of evaluating the effect of the combination therapy. For the change in the mean number of wet nights, the results indicated that compared with the monotherapy, the change was more marked in the combination therapy when the treatment duration was 1 month and the change was more evident with the short-term combination treatment.
The results of the efficacy demonstrated that the combination therapy comprising desmopressin plus an anticholinergic agent was more effective compared with desmopressin monotherapy for the treatment of NE in children. For adverse events, the OR was 4.074 and no significant difference was detected between the combination therapy and monotherapy, which suggested that the combination therapy did not lead to more adverse events when used for the treatment of NE in children. Considering efficacy and the safety, the present study indicates that compared with desmopressin monotherapy alone, the combination therapy comprising desmopressin plus an anticholinergic agent was more effective with equivalent safety in children with NE.
Although NE is not a direct threat to a patients' life, it imposes psychological suffering during daily life for children with NE and their parents (6) . A number of theories including genetics and neurological issues have been proposed as reasons for children failing to respond to their full or contractive bladder during sleep (3, 26) . No single explanation has been accepted widely, as NE is a multiple pathophysiological disorder characterized by a mismatch between urine production at night and the nocturnal bladder capacity (3). The desmopressin monotherapy, which is generally regarded as a relatively benign medication, has been recommended as the first-line treatment for enuresis by the ICCS (6, 27) . However, the clinical efficacy of desmopressin alone is not always satisfactory. Anticholinergic therapy has been demonstrated to promote the response to desmopressin by increasing the functional bladder capacity; therefore, a combination therapy comprising desmopressin plus an anticholinergic agent has been administered to children who experience no or partial responses to desmopressin monotherapy. Furthermore, Montaldo et al (25) suggested that these combined therapies have an association with a restricted bladder capacity and thickened bladder wall, which may be good predictors for clinical treatment. A multicenter study published in 2014 indicated that, compared with oral desmopressin alone, a combination of desmopressin and an anticholinergic was more effective and quicker in reducing PMNE (2) . A clinical trial performed by Lee et al (19) indicated that for children with NE, MNE or PSNE, the combination therapy of desmopressin plus oxybutynin is equally effective and is significantly more rapid and efficacious than desmopressin alone (19) . To the best of our knowledge, the current study is the first meta-analysis to comprehensively evaluate the efficacy and safety of the combination therapy of desmopressin plus an anticholinergic agent compared with desmopressin alone for the treatment of NE in children.
However, a number of limitations should be considered when interpreting the results. Firstly, with regard to desmopressin administration, patients in certain studies were treated with oral desmopressin, while others were administered desmopressin intranasally. As more data becomes available, subgroup analysis stratified by the administrative route of desmopressin may be performed. Secondly, the dosage of desmopressin was not exactly the same in the 8 covered studies, and the dosage effect requires evaluation when more data are available. Additionally, the present analysis was not able to compare the relapses of the two therapies due to insufficient data being available.
In conclusion, the present meta-analysis indicates that, compared with desmopressin monotherapy, combination therapy using desmopressin plus an anticholinergic agent is more effective for the treatment of NE. With regard to safety, the introduction of an anticholinergic agent into the desmopressin monotherapy does not cause more adverse events. Therefore, compared with desmopressin monotherapy, the combination therapy is more effective with equivalent safety for children with NE.
